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IDENTIFI.ERS 
ABSTRACT 

This module is intended to increase the studen- ~ 
Comprehension of costs, in terms of money and in energy, involved in 
various modes of transportation. Four main inquiries are covered ifi 
the module: (1) money saved by car pooling to school;. (2) reduction 
'in fuel consumption possible without car pooling; (3) compjfrisons 
inter-city and urban transportation modes: and (<0 vehiclrfr 
maintenance to reduce fuel consumption. Two to three clajfe perio< 
are reguired.tc complete the module. (Author /RE) 
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TRANSPORTATION 
By David F. TreaguBt 

Unit Tit le: Net Energy 

M odule Ti tle: Transportation ' y 

Description of Module: The purpose of this module Is to Increase the students 
comprehension of costs In terms of both dollars and energy involved jL<h various 
modes of transportation. 



Part* I: Dollars saved car pooling to school 
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\ ^ . Part 11 : How students and their families can reduce gaspfine consump- 
tion without .car pooling. \ 

Part III: A s comparison of inUr-'city and urtan transportation using dif- 
r fereut modes of transportation. *■ 

M ? - ■ / ' y- 

Part IV: The maintenance of a vehicle to obtain maximum possible mileage. 
,The prime objective of this transportation module is to increase the 
• students' comprehension of the concept of net, energy* 1 Parts I and II introduce 
the students to the module at an everyday level ^hich leads into . the more com- 
plex 3 issue of net energy. ' A- 
Unit Objectives Met : 2d, 2e, 3a, 3b \* - * 

Materials Needed : Student pages, pencil / paper . Films: "Featherfbot" (30 
min.), or "Running on Empty" (28 min.). 

Module Type : Alternative / , \ 

' *' ft 

Context : Science, Social Studies and Mathematics. 

Time Required : 2-3 cl^ass periods / ' \ ^ 

Mode: Critical reading, pencil $md paper activity, mathematical calculations, 

/ A ' ■ - - ' • 

*f it i 

home activities, discussion/ J 
Sample Evaluation Items . '\ ' > 



The Youth" Energy Project is funded by the/Michigan Department pi Commerce and, 
the Michigan Energy Extension Service on a p'ijot basis, Michigan- State 
University's Cooperative E>tensioi/ Service (4-H - Youth Programs^fcand th 4 e Science 
and Mathematics Teaching Center are the project contractors. * This mat^Ual 
was prepared with the support of the U.S. Department of Energy (DOE) Qrlnt No. 
EC^- 77-6-01- 5092. ' /.••/'.' " ^ 



SAMPLE EVALUATION ITEMS 



1. Calculate the dollar savings you would make in 9 months by carpooling 

to school with ) other people If you had to travel 15 miles round trip and 
your standard sized car cost 1 7 C P«r mile, 

AnAtueA : Total daily cq6t * (./7)< x 15 - $2.55 peA daij. 

Co*t ovqa 8 month* done * $2.55 x 21 x. 9 - $481.95 



co &t day* month* 

pax pPA : 

day month 



Co&t oveA 9 month* in 
4 peAAon canpooi 



$481.95 - $17.0.49 



VollaA* *avzd ■ $481.95 - $120.49 * $361.46 

2. A family owns three cars and each year the tjot^l expenses for these cars 
are computed. The total expenses are as follows: Oar 1 - $949.00; Car v 
2 - $1,222.00; Car 3 - $1,525.00. Calculate the dollars saved. with 
15%, 20% and 25% reduction In use (making the assumption that use is 
directly proportional to dollars}. 

AnAMA: 

. ' VollcuiA Saved 





15% 


20% ■ 


25% 


COA 1 


142.35 


189.80 


231.25 


■ CaA I 


183.30 


244.40 


-t; — 

305.50 


- Coa 3 


228. 75 


305.00 


381.^5 


Total 
Saving* 


554.40. 


739\20 


924.00 




3, a) Examine the data in Table 3 showing that inter-city bus transportation 

results in an energy cost of 2700 BTU per passenger mile (ppm) when operating 
with a load factor of 47%. Calculate the BTU ppm if the load factor were 
increased to 55* , 65%, 70%. 
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SAMPLE EVALUATION ITKMS CONT. 

3. b) With these load factors what ottr modes of transportation are compara 
with the urban bus. (See Table 3 again)'. ' , 
O -What do you suspect will be the BTU ppm for the urban bus during rush 
hours? (Maximum capacity of bus is 45.) 
An*MA: a) BTU ppm at 551 load {acton - 47 

x 2700 

BTU ppm at 651 load tacton * 47 

0 TB x 2700 

t 

BTU ppm at 70% load {aoAon * 47 \, 

jfr x 2700 

llmllT u fffw"'' th / ^nteA-My bu6 become Invitingly MicAint. 
cZT^Uvi ***»[ ^ *»***• ^ ^ad facto* Wit £Sk 6e 



• BTU ppm fan tAaln at 74% toad Uvton * ' 37 ' 
) x 4000 = 2000 BTU ppm 

c) BTU ppm 6o\ oAban 6u4 100% Aull * 12 

^ x S300 = 1413 BTU ppm 

. \ 90% bull - u '. 

* \ x S300 c J570 6TQ ppm 

compoA+ng 100% fiuU uAban bu&jUlUh walking 1 570 : 7 J 0 « 2 :2 1 1 . 
4. Using Table 3 calculate the increase Decrease. In *BTU per passenger mile 
when a person shift's from a) car to urfu bus, b> motorcycle to (urban) - 
car and c) urban -bUs to motorcycle. *' ' 

An6mA: a) BTU ^eoie.M rfecA^e - BTU ppm fan coa - BTU. ppm tfo* bu& \ 

1 BTU de.cAe.a6 e - 8900 1 , SsQO 

* 3600 BTU ppm 



SAMPLE EVALUATION ITEMS CONT. 

b) BTU IncJiqtue o* dcatcoAz ■ tffU pprn <$o* motorcycle. - BJU ppn fa* can 

- 4200 - 8900 

BTU incAea&e. - -4700 BTU ppm 

c) B1U IncAQxxAd. oa decAeaAz - BTU ppm fan uxban biu ~ BTU ppm fan motohcyci 

' 5300 - 4200 

BTU dzcAQjtxAQ. ' 1100 BTU ppm 
Describe four driving habits that can help you save gas as" you drive. 



AnAWei /) accelerate. t>mootfyty and dAive. at a steady pace.. i 
t) no need to let coa iooaA up by idling, juAt dAive. 6loivly 
tfoA. the. fiiAAt mild. 

3) don't coaaij unne.ce660Aij weXgitt in youA cah.. 

4) don't lit the. engine, idle, too ^a6t. 

Describe four maintenance measures that you can perform to increase the 
efficiency, i.e. mpg for your car. 

AnAWeA: 1) Change 6 paAk plug6 6ie.que-n.tly. 

2) Clean aiA iilteA. ' & 

3) zn&uAe .tiled oac adequately inflated. \ 

4) iie.que.ntky have. the. caAbaAetoA tuned. 



foA Vaxt I U is su^icient to intAoduce coa pooling as a means 
c6 Aavuig dollar. Ask the students how much they think they will 
have Un dotlau) by coa pooling. You may need to provide an exploAa- 
Uon oj the breakdown orf the cost* pcA mile {,oa each Uze ot coa, 
wcth <tucus H on 06 AeUtlve. cosu ii netcASaAy. In tiie table be-low, 
this data, -u pAeA anted. \ 



Car Size 



Standard 
Compact 2.9c 



Vehicle 

. Cost Maintenance 
Depre- "Accessories, 
-Ajjligil Par t 8 and Tires 

A. 5c 



Ga* and Oil 
(Excluding 

___JTaxe82_ 



Insur- 
ance 



3. 7c 



5.5c 



"X.TC 



Subcompa c t 



2. 3c 



2.7 c 
2.5C 



T73T 



1.7c 



1.6c 



4.7c 



1.5c 



3.8c 



State and 
Federal Total 
.Taxes Jjjer 

1.7 
13c 



Cost 
mile) 



1.5c 



1.2c 



1.5c 



0.9c - 11c 



Adapted from U.S. Dept. of Transportat ion-Fede ral 
Highway Administration Statistics 

Table I 



iTtZ'i 2^ t0 K° UP &tud ^ u togitheA who Uvcl In slmllaA vicinities 

J l tfct 3 ^ P °< 1 Individually dxove to school, aven 

U they oAdtnaAlZy AA.de the school bus. $ 



Mod ule Ti tle: Trjm^^t^tjhan « ' - 

In this; module the costs involved in various modes of transportation 

in terms of both dollars and energy are presented 

4 

Part I (See Reference Ifl) / 
Let's look at the dollars saved if you car-pooled to school. Carry out 
the calculations for your own travel alone and by car-Jfooling as described 
in \his /activity. Also compare passenger miles per gallon for varying the 
number of occupants. 



■R v.- 



Car Size 

Standard 
Intermediate 
Compact 
Subcompact 



Total Cost Per Mile 



17C 
16 c 

13C 
llC 



Table 1 



ERIC 



EXAMPLE: How to figure your present commuting cost (Standard car-Ford 
traveling 30 miles round trip. 



LTD,) 



1. MULTIPLY (.17) x (30) 

Cost Miles 
per mile per day 

2. ADD - Dally parking cost 

3. TOTAL DAILY COST 

4. MULTIPLY DAILY COST by number 

_nl fifihfig 1 i.ay sl ..p.sx. .. man Ui.: 

5. COST PER MONTH TO DRIVE ALONE 

i>. DIVIDE BY NUMBER OF PEOPLE 
IN CARPOOL 



7. NEW INDIVIDUAL COST BY 
CAR-POOLING 

CAfep 
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MONTHLY CARP00L SAVINGS 
($107.10 - $26.77) 



Your Calculation: 



1. > MULTIPLY 



Coat per 
Mile 



Miles per 
day 



2. ADD - Daily pricing* cost 

3. TOTAL DAILY COST 

4. MULTIPLY DAILY COST by number of school 

days per month 

V, . f 

\ 

5. COST>ER MONTH TO DRIVE ALONE 

6. DIVIDE BY NUMBER OF PEOPLE IN CARPOOL 

7. NEW INDIVIDUAL COST BY CARPOOL ING 

8. -MONTHLY CARPOOL SAVING (#5-#7) 



- $ 5.10 

+ 0 

+ $ 5.10 

...x ..: 2i.. 

- $107.10 



.$ 26.77 
$ 80.33 



* $ 

- $ 

- $ 

X $' 

- $ 

- $ 
$ 

- $ 




• ) What do you suspect is the rationale for calling the largest ciirs^ 



standard? 



b) Hc& is the tdtal codts per mile of each car size determined; in 
other words vhar factors do you think comprise the total cost for 



each mile the car is driven? 



c) The financial advantages of carpooli^g are obvious; what are some 
v disadvantages? 



*Pa\t II Lb cc week-long aA6tgnment, Q\ could be extended untii the end 

how tixe dioAij should be kept and that the overall paxpole ol~<$\.<2 cuVlgn- 
ment iA to reduce gaAotine con6umption by 7 5%. (Some AtudentA may 
need help wctfi the rnatii Involved hcAe. ) At the outlet you can tolLcLt 
ideas tf/iom the students tiegaxdLng how they think Lt wilt be po66ible t 
to cat.. pcAAonal gas consumption by J 5$. 1 k~ 



Part II 

How could you reduce your own gasoline consumption by 15% even without car 

pooling? Keep a careful record of^each driver in your family and keep a record 

of every trip for a week: Be sure to include yourself if you drive. Recoird 

the purpose and mileage of each trip from and back to home. The charts you , 

■ » 

keep might look something like this . > ■ 



Table 2 



DRIVER A 
DATE 



Monday 

Tuesday 

Wednesday 

Thursday , 

Friday 

Saturday, 

Sunday 



PURPOSE 



CAR 1 

MILES 



DRIVER B 
DATE 



Work 

Work 

Work 

Work' 

Work 

Lumber Yard 
Church • 



14 
1A 
14 
14 
14 
20 
8 



Monday 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 



PURPOSE 



CAR 2 
MILES 



Grocery Store 
Little League Practice 
Gas Station 
Piano Practice 
(Not used) 
Grocery Store 
Visit Aunt Jane 



— i— ■ — ■ yi ■ 


v , ■- 




DRIVER C 




CAR 2 


DATE 


KfePOSE 


MILES 


Monday 


School 


6 


Tuesday 


School, Basketball 






Practice 


12 


Wednesday 


School t 


'•■ 6 


Thursday 


School, Grocery 






Store- 


10 


Friday 


School t Work 


14 


Saturday 


Work, Movies 


10 


Sunday 


Country Drive 


54 




.9 





rr 



4 
3 
4 
6 
0 
4 
35 



a) When the week is over, study the number of trips, their purpose awd 
the total miles driven. 

b) Develop a plan with your family that will reduce the number of trips 
and the miles driven - (Jet each driver to agree to 1 1\$ plan . 

c) How much gasoline has been used in tho week? # 

Determine the mileage gating (miles per gallon) of your family's 
cars and calculate the dollars spent. 

r 

d) How much money is saved with a 15X reduction In miles driven per we&k 

e) How could you reduce miles driven per week by 20%, 25% and not 
grea£ ly UW^9J1YPJ)J,P^ 1 d? 

f) Did you know that over 50% of all automobile trips in th«j, United 
States are less than 5 miles in length. In time trials comparing 
bikes and cars for urban trips averaging 5 "miles, bicycles won 21 out 
of 25 races. Do you think that bike paths or reserve lanes on major 
streets and higfjways should be rec[ui red and supported by federal 1 " 
funding from the Highway Trust. Fund? " -> * 



*VaAt TIT ii the £<Oi&t mention o^ eneAgy co6t which i6 mco6u/terf OA 
BTU peA jxxAAengeA miJte, hnd 6havu at> an intAo duction to ne,t eneAgtj 
in tki6 txan6ponta.tl.on module. 

\ . ' 

Some question* you can a*k Aelate> to the following iA6ueA. Load 
facto A iz> tiie peAcentag_e ofa the maximum capacity o& a mode o& t/utn&- 
poAtation; Lt i& wade veny obviouA by Ae^eAAXng to the load &actoA 
^OA a bicycle. Vaow tfie 6tudethtA f cuttewtion to data wlvich (I) compaAe& 
eneAgy co6t between di^eAent modeA o& transportation ^oK i\iteA-city 
tnjx^lic, (2) compaAeA energy co6t6 between di^eAent modc6 oft tfianA- 
poAtation ^oa tuiban txa&fiic, and (3) compoAe& a paAtAculaA moda ofa 
tAAfi&poAtation, ^oa. example, bu6 between intQA cLty and uAban tna^ic. 
kt>k the 6tudent to deteAmine &actdA& that a^ect theAc Aelative eneAgy* 

C06t&. * 

Part 3 (See Refe rence 02) 

Consider the data on inter-city and urban transportation presented 

in Tabl£ 3 and compare the energy cost of each mode of transportation. 
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1_ «£ X- »;;.".:;r~ 

Tr.n.portat lon ^^^^E^iaSLi^ 

Mode J Factor COSt Rclatlve 
** ! TU per Cost with 

tt^TTZSGZ^**^ K -"M.. B 

Plane *;? P eo P le 5900 B „ 

Bus "? '«» 9800 *•£ 

Train *"««•" 2700 am 

Car Urba " Transportation ~~ 

Bus - ,J-*,J' ;u l'lv 8900. ' .„ 

Motorcycle ,f°, " e ° ple - 5300 ""J? 

•icycle fl P e °P le «00 ' l% 

Walking , ° pe °P le '.80 

" 1- 0 people 71 q D.67 

Table 3 <P 
. a) What do you' thftk is „ean"t by a ,., oad factQr? ' ' 

^ X.»5 h :.^^: t '»S'or autocues on loter-city 

C> Sssengen'lL? y ""-.'—TO c~t being assured In BTU per 

^■0 How wonici t \ i 

load factor ^^g^f^lTufate^H ^ "J 1 *'* when the ' 

to walking if th I mra l? f f W atlve en «8V *>« compared 
was doubled to 3.8 people. " f ° r Urba " tr ^porta tio n 

Nov let's look at these data more careful*, Tf 

caretuiry. If people shifted from one 
»ode of transportation to another there is «„ . 

there is an increase or decrease in energy 

expressed as BTU per passenger mile. Tables * and S r 

from wh* k Present, information 

trom which you can determine the BTU ni- 

the B1U per passenger mile saved in changing • 

»odes of transportation for inter-city and urh» , 

cy and "rban transportation. 



Inter-city transportation. The energy that would be saved in 
Bill per passenger mile by shifting from each transportation mode 
to another for each traveler. Plus or minus signs indicate 
an increase or a decrease in energy use respectively. 
Calculated from Table 3 ' 



Shifting, 
f rom • 




Car 
Plane 
Bus 
Train 



Car 

-3900 
+3200 
+1900 



Shifting to 



Plane 



Bus 



+3900 

+7100 
+5800 



-3200 
-7100 

-1300 



Table A 



Train 



-^1900 
-5800 
+1300 



*)ra6Ce 5 compleAzd -in -.tlie. gitide. but haA only the, top line. 

And the two extoeme fright columns completed in the. ttudent mat elicit* . 



Urban transportation. The energy that would be s^ved by 
shifting from each transportation mode to another for each 
traveler in BTU per passenger mile. ' Plus or minus signs indi- 
cate an increase or a decrease in energy use. Calculated from 
Table 3 . 









Shifting to 






Shifting 


— < — - ; i 
• 








Electric 


from 


Car 


Bus 


Motorcycle^ 


Bicycle 


Commifter 


Car 




-3600 


-4700 •< 


-8620 . 


+1000 


Bus 


+3600 




-1100 


-4820 


+4600 


Motorcycle 


+4700 


+1100 




-3720 


+5700 


Bicycle 


+8620 


+4820 


+3720 




+8620 


Electric Commuter , - 


-1000 


>4600 


-5700 . 


/Wo 





■ "'■ f \ Tabled 

Can you /suggest ways that energy costs can be Reasonably reduced in 
passepger^cansportation? One example' is that ^/greater number of people 
using urban bus transpottatioh will increase /€he aveirage load factor ancf 
result in reduced energy costs in BTU per/p^ssenget mile 



A » Hannbn writes: 

of^nn 8 " VCry Sensltlve to load factors. In terms 

iL iiS Ih T r8Y ' th€ Pla " e is ea8il y the ^st expens- 
!!!;' n ?' h ; train 18 the mo8t employment intensive. The 
Th! k y COSt8 thG lea8t ln dollars and in energy. 

The urban passenger has a variety of modes to choose from, 

ular buT d" ? 3 \ ThG8e m ° deS are increasingly unpop- ' 
" ' , decreasingly energy expensive as. one moves down 

.I 1 ": ? e ^ 8y c °nsumed in walking was that used to 
1 P :/°° d consumed by the average person for the 

.;KioV p excess of that wed by the bod *> the »«- 

It has been pointed out by Bullard ttmrTEe important 
factor in energy conservation is the rate at which energy 
is saved on the transfer from one activity to another 

therm 9 ! Tr * r " teS ° f ^British 

thermal units saved per passenger mile) for shifts from 

" ft™ iK anSP ? 0 r n ati °" m ° de t0 the other - Thfi rates vary 
from About 480 to 9900 BTU per passenger mile. In all 

to tL eX *T, ln Urba " '""-Port-tion shifts from car 

r U8 ' dollars are saved if energy is saved, and Vice 

bus to h^ r ,r amp1 ^ traVeler who switched from urban 

* orA^oO^nf W ° ener8y (and dollars) at the rate 

ot 4820 BTIT per passenger mile. If he were hot careful >- ' 

to spend hxs dollar savings on an item of personal con'" 
' sumption which had an energy intensity greater than 4820 

/ l U inStance » a <*«nge in transportation mode that 

, f , would conserve energy would also save dollars (except 

in J^case.of changing from urban to bus transportation) . "(Hannon, 1978, 

^ Le« U of° nSider n that ener8y SaVln8S by conservation and/or changing 
modes of personal transportation will become more important as time 
progress^? Why do you think this? "portant as titne 

*~ ^ind i8 ' e Cner8y 9aVingS f ° r 311 incom P let « »Paces in Tables 
I^JbtJ*? &aVtd ° n otkeA Phonal consumption 



ERIC - l_ \ 
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*Pa\X 11/ deal* with eneAgtj eiiiciencij in Vian&poitation piimaiiftj in 
teAms o& improved driving hab<fj> and automobile maintenance . Two \ 
iXCllteM i<Xm& Aw available, on thu Subject: "Running on Imptif'and 
feapieA^oot" and U is welt ivoAth jpim time to ihow one 06 them. 

To xeaUze juAt how much eneAgij crfuld be saved wi th improved Wuvinq 
habits and automobile maintenance, we diaw youA attenUyn to the 
attached annual lepoAt faom the Michigan Travel BuamuJ A cuasoaij * 
glanpse. of the tablet on page* 44 and 4S give* an indication o& wheAe. 
money and 6Tu" s can be saved ii people continue to use private tAans- 
poAtatton as tlietA ckte^ means 0^ tAavel. The article \bout iiie 

, M1 T/L( } vU BilA -Mu pieAentA tfiiA inhoAma-tion in teAfns o& doUaA 
pAo6<X&to the State o& Michigan. 1\ message that we rnu'/i to conveyf 
to t>tude.nt£ if> the &act that continued giowthis not ne.ce.ssaAilij 
bene(yi.a,ial in teAms. orf BTU o& eneAgij consumed and tiiat each BTtf 
consumed should provide tAayisponta-tion as eUicientlij as possible. 



Part 4 

Now for a change, in gear; let's consider ways in which we can simp^ 
improve the energy efficiency of the car we drive. Read Unit 13. Energy 
Mfl£ii!ncy_J^^ Keep a reco'rd of when these efficiency main- 

taining items are put into operation on your family car and on you* own car 
if you own one. How does each efficiency maintenance item contribute to an 
increase in your total net energy increase f 
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f Automobiles us* 14 
percent of «// energy ^ 
contum*d in the United 
States. 

• Probably, the most - 
expensive llerji in your 
pewonal energy budget is the 
operation and maintenance of 
your car(s). _ J t _ 

Shocking facts aren't they? 

It would be difficult (or 
Americans to imagine life without a 
car. The problem is not that v\o 
have automobiles" but rather that 
we must learn how to use 
automobiles efficiently an^fsav^ 
eiwgy ih tjio process. 




Energy 
efficiency In 
transportation 



• The United States accounts 
lor approximately 6 percent of 
the world's population and 
over 46 percent of the world's 
automobiles. 

♦ It Is estimated that more 
than 21,000 square miles 
(54 600 square kilometers) of 
land have been paved over to 
accommodate this country's 
100 million cars. 



Purchase an 
Energy-Efficient Car 

An automobile's fuel economy is . 
determined by weight, engine type 
and size, and maintenance* Before 
you buy an autonlabile. familiarize 
yourself with the ftfel economy of. 
various models. Jhb information 
can be found in the CLa? Mjnteag& 
Guide, published ann\jally%y the 




'"-1 ••'„• '. : .'i 'Y* v 
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Environmental Protection Agency 
(EPA) «nd the Federaf Enerov 
Adinintelr^ion (FFA) All now car 
dealers oro roquVed by | avv t0 
have the Guide available in their 
Showrooms. Or, you can request a 
. •*£ *"9l« ropy 0 | .Mo GukIo from 

BWto ZT* Puebl °- Colof ado 
81009 t PA tests are conducted 
under controlled conditions 

SSf.!? 6 * df,Vfir c «" e Poet some 
. var,a t.'9n from the. u*4 fesnHtr - ■ 

As you road trie Guide, you will 
see that small. ^(weight cars are 

full-sizd, heavy cars. In general In 
ci y driving.' a ^.000-pound (?2«50- 
kilogram) caruses tw.ce as much 
fuel as a 2,500 pound (1125. 
> kilogram) caj. 

" Buy a uar on the basis of 
minimum sizo requirements 
Purchase price, and estimated fuel 
cosis. Qe reasonable about 
optional features. An air 
conditioner reduce* fuel economy 
1,0-20 percent when used in 
fitop-and-go traff,c. If you must 
; have a.r cond.tion.ng. use if only 
when absolutely necessary • ' 
A ^atictran S m.s3.6nandpovver 

standard transmission and 
steering. Power brakes, motor 
driven windows, and power seats 
end radio antennas don't require 
much energy t 0 operate, hut the - 
weight added to a vehicle reduces 
tuel economy. 



Save Fuel 
as You Drive 



Air condltlontr* 
•nd powtr equipment 
txtrt (utl. 
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Fuel economy debases Tn direct 
P<opbn,on to air drag on a vehicle 
f or example- if you mcreaso your 
automobile speed from 55rfJeT 

Nm.t. to 65mph(i0f>knt;/rt)?(he 
^crease in the car s drc*f '' 

andfuef economy decrLs*s Best 
fuel economy occuis^al speeds of 
30- 40 mph ,1,0-65 km ( h) with no 
stops or rapid speed changes. 
Develop driving habi^io n e | p 
( you save fuel Acceleratesmoothly 
to save gasol.no and woa.Wd te/r 
on the engine and tires Dri\. e at a 
steady pace and anticipate sVoed 
changes, sudden changes in 
speed waste gasoline. For 
example, take yotr foot off the " 
accelerator as soon as a ied traffic- 
signal is spotted ahead Dr.vo 
slowly for the first mile (couple of 
kilometers) instead of siting y CU r 
car warm up by idling, an idling 
average-size engine burns about a 
P'nf (500tn,iM,!er 5 -, of gasoline , * 
every 12 minutes Avoid over/illinn 
a cars gas tank; fuel spillages 
are wasteful, too. Don t rarry 
unnecessary weigh! in or on a car' 
'he heavier the car. the .more 
gas it uses * 

You probably have an ideaofihe 
current gas m,leage of your car As 
you develop energy-effic.ent 
oqying techniques, check the car 
again to see if you are getting 
better mileage .There are five 
steps to follow for an accurate 
mileage test. (i) Fl „ , he gas tank 

an uZ h 6 3 n ° te °' th ^''eage 
of J 0Cj ° mefer (2) Keep a record 
of all gasoline added during the ■ 

est period. (3) At the conclusion of 

he test, again fill the tank full 
(4) The gas aaded during tho test 
Plus the gas required to refill the 
tank at the end of the test is the 
tolal gas used for the test (5) The 
gas mileage is equal to the number 
of miles (kilometers) driven during 



the tost divided by the total gas 
used, h or accurac y, tho tost'shou.'d 
^conducted over 600 lo 1 000 
miles, or 3.4 tanks of gasoline (In 
»»* metric sysfcm, gasoline / 
a, 1 sump.,on may bo given In Ws 
Por 100 kilometers.) 



Troad lightly 
on tho gag pedal. 




Automobile 
Maintenance 

/ An automobile cannot maintain 
energy-efficient performance 
without proper maintenance 
Automobile-tune-ups not only save 
'uol. they also provide easier 
starting and smoother operation A 
car that is properly maintained 
averages 6 percent better miieaqe 
per gallon of gasoline than a car ' 
tna.t needs new ignition points and 
sparkplugs. 

Gasoline engine components 
that are the most common cause 
of poor power and increased fuel 
consumption are the spark pLuqs 
ignitiori timing, (he air cleaner and 
carburetor adjustments. A spark 
plug (hat is not functioning properlv 
can waate as much as 1 gallon V 

o 8«)ofgasolme in every 10 
(JH). Ignition points in the 
distributor that are out of 
adjustment or detor.orated from 
use can result in starling d.ff,cult.es 
and poor performance. The air 
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.leaner Is a passivo device, but for 
>ach gallon (.'J a liters) ol gwisolme 
jorned, approximately 10,000 
gallons (38 000 liters) of air must 
,)ass through it. A dirty dnct 
partially dogged air cleaner 
starves the carburetor of air; 
herefore. the optimum fue#~alr 
-ntxturo >s not obtained, and the 

. troY |S"not"uscd-af b its -apttmwn 

efficiency Carburetors require 
egular adjustments in order to 
namtain automobile performance. 

f^ew-car owners' maripats 
.ecomrnend tune-up fremjehcy; 
aithfully follow the suggested plan, 
/ou can do this'by finding a 
olfable automobile mechanic, 
amiliar with you} particular car, to 
Jo the work or by doing tune-lips 
/ourself. Most community coleges 
and adult education programs offer 
courses in automobile 
nainlenance. 

In order for your/chr to operate 
it highest efficiency it is also 
mportant to use the recommended 
jasoline octane rating and oM 
jrade Check your owner's 
nanual. <j> 



C#r#fully ln»f #cl 
point* ind spark plug*. 




Tires Affect 

Fuel Efficiency \ 

Proper inflation #nd type of ■ 
automobile iires can proud' ' better 
gas mileage and can save you 
money Undennflation Is probably 
trie greatest cause pUires wearing 
out too fast Undennflation also 
wclrewscrs" ttfe-TOfhhgTcsishinco' of— 
a tife. thus it requires more enetgy 
per mile (kilometer^ to roll tho car 
along the highway. Some tests 
show that 30 percent underinflation 
— and that is far from being a Hat 
tire — - reduces tire life by about 50 
percent. 

Radial tires, because of their 
design, develop less rolling 
resistance than standard tires. One 
can expect a 5 percent 
improvement in fuel economy by 
switching Jo radial tires. 

T 

A very useful accessory for good 
tire life is an accurate air gauge, tn 
particular, radial tires, when 
properly inflated, often appear to 
have d flat" appearance. It is 
difficult to distinguish by eye when^ 




\ 



a radial tire is underinflntod Got in 
Iho habit of checking regularly tho 
( Inflation of your car s tiros 

Synthetic Oils 

Synthetic engine oils, usedjn 
some automobiles todoy. belong to 
two basic classes: one. called 
esters, ,is made by reacting alcohol 
wWvcertain types-of acids; the 

• second r sy ntf-m-s \7 v& - - - - ■ 

hydrocarbons, is fabricated from 
various hydrogen- and 
carbon-containing molecules found 
In natural petroleum Mineral oils. 
Iho Oil used in most automobiles 
today, aro usually changed after 
6,000 rpiles (10 000 kilometers) of 
use. It is believed synthetic oils \. 
can safety be used with oiU 
changes at 12.000-milo^20 000- 
kilometers) intervals Although 
synthetic oils cost 4-5 limes as 
much as mineral oils, curs 
lubricated with synthetics show an 
average 5 percent improvement in 
gas mileage over thgse using 
conventional motor oils. 

Car Pools 

Can Save Money 

Over 80 percent of working 
Americans commute to work by 
automobile; more than 50 percent 
of them drive alone. A car pool to 
and from work not only s&ves 
gasolfnp'and rtjQney but also 
saves Vjft*r «n(1 tear on cars Ask 
your emjptyer to help establish car 
spools at your place of business." 

Another type of car pool ^ 
' frequently overlooked is better 
scheduling of family trips by 
automobile. Family automobile 
travel — shopping, visiting, trips to 
Ihe doctor, to music lessons, or to 
athletic overtts, for example — 
accounts for nearly one-thtrd of all 
passenger trips in tins country and 
averages 5V2 miles (9 ktlometers) w 
one way If, by planning ahead 
lo combine errands and 
appointments, a family took one 
Ibss trip per week (7 trips instead 1 



of 8), that family could save $75 
per year lo take i! a step furthn 
if evory automobile in the United 
States consumed 1 loss gallon (3.8 
liters) of gasoline per week, 
national detoand for jasoline 
Would bo reduced by about 7 
/ percent 




Transportation 
Alternatives 

Engineers often measure energy in 
British thermal units (Btu). tho 
amount of energy required to raise 
1 pound of water 1 rieg ee 
Fahrenheit; or joule, tho amount of 
energy required to produce 1 watt 
for 1 second. A comparison of 
these energy units for various 
^modes of transportation is 
revealing Walking requires about 
300 Btu's'(3lfc 200 joules) per 
person per mile (1.6 km); a bicycle 
requires 200 Btu's (210 800 joules) 
per mile (1.6 km). In contrast, 
driving an average-size automobile 
with no passengers requires 3.100 
Btu's (8.5 million joules) per mile 
( 1 .6 km) in the city and about 
3,400 Btu's (3.5 million joules; per 
mile (1 .6 km) on the highway. In 
terms of energy usage, bicycling 
and walking are obviously very 
energy efficient -me^ans of 
individual transportation. Fully 
leaded buses and trains are 
much more efficient modes of * 
transporting people than 
the automobile. In order to save 
energy and dollars, use alternative 
means of transportation whenever 
possible and, if it is feasible, 
advocate the establishment or 
improvement of mass trans- 
portation systems in your locality. 

Energy consumption must be 
reduced in tins country. A good 
place to start is with the family 
automobile. 
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This report of the Michigan Travel 
Commission for calendar year 1977 
summarizes Ihe role and responsibilities 
or the Travel Bureau, describes its 
m.uor Ttccomplishrnents and delineates 
the economic impact .our industry has 
had on th; State of Michigan. The 
report addresses the travel industry's 
.potential for future growth and dc- 
velonment as *ell as some of the 
probllyis faced by the industry, livery 
effort has been made to ptovidc infor- 
mation of significance to all Michigan 
residents about the diversified rcspon- . 
sibi!ities of the Travel bureau. 

NOM-MESIDENT TRAVELERS 
SPENT $2.1 BILLION IN 
MICHIGAN IN 1977 

Visitation- 51 million trips were'made 
to Michigan in 1977. The travelers 
represented a cross-.scction of all 50 
states and a score of foreign countries. 
Our prime market area consists of 
[lljnois, Indiana" Ohio. Wisconsin, 
Michigan, the Minnenpolis-Sl. Paul ara 
»nd Canada. This markVt generated V 
percent of the travel to Michigan il 
1977. 1 

" While Michigan attracts an extreme 
nigh proportion of its own residents to 
travel withrn their home state, approxi- 
mately 40 percent of trips made here are 
by nqn-residcnls who account for nearly 
50 percent of travel expenditures. This 
is of vital economic consequence fo> 
several reasons: I) the non resident 
generally stays longer and. therefore, 
spends more; 2) the non-resident gener- 
ate* tax revenues, but places little 
demand on the many state services 
supported by those taxes; and 3) the 

new 1 money brought in has a great 
multiplier effect on economic activities. 
The Importance of the out-of-state 
traveler cannot be overstated. 

Where: They Go And What They Do. 
Ihere is tremendous tourist participa- 
tion in aH areas of the state. 
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The largest share of Michigan visitors 
participate in outdoor recreation, ac- 
tivities (34 percent), with fishing and 
swimming ranking as the most popular 
activities. , 

Sightseeing is a particularly prevalent 
activity in Michigan, drawing 16 percent 
of vacation travelers in 1977. The most 
visited attractions are Greenfield Vil- 



lage, thfc Soo Locks and MacMnac 
island. 

A very h,igh percentage (74 percent) of 
vacation trips to Michigan were return 
visits, indicating an excellent degree of 
satisfaction with Michigan's travel pro- 
duct and hospitality. 

WHAT DOES TRAVEL ACTIVITY 
, MEAN FOR MICHIGAN? 

Business! Travel is a multi-billon 
dollar business in Michigan. In 1977, 
travelers spent in cxcc>s of S4.2 billion 
while on trips in the state. This is an 
increase of S300 million over 1976 when 
spending was approximately S3. 9 bill- 
ion. More than 35.000 businesses in. 
Michigan directly benefit frofn these 
expenditures. 

Travel dollars to^rh every citizen, 
since for every dollar spent here, 78 
cents .is generated and. ripples through 
the. entire state economy. Through this 
rippling .eficcr. the travel industry, 
which begins as a S4.2 billion business 
in direct expcndHtres, results in an 
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GREENFIELD VILLAGE: Homy Ford 
Museum 

industry totaling in excess of 57.5 billion 
overall. ■ 

JoOs travel expenditures cli. ocll> 
and indlu-ctly support 208.0(H) jobs in 
the stale. In comparison with other 
Mates. Ntichif.Mii Kinks sixth in the total 
number of-jods supported throfigh the 
expenditures of travelers. Over S?..3 
billion in direct and indirect income was 
generated as a icsult of 1977 travel 
expenditures in ieivigan. 

Convention Activity Dining; 1976-77, 
the Convention Hureau Grant Program 
recipients hosted ,743,717 convention 1 
delegates who spent mbrc than SIOS 
million in Michigan. During this time 
these convention bureaus sold "$126 
million in future convention business. 
Based on the amount of state funding of 
$250,000. the Convention Bureau Grant 
Program returned a net profit of more 
than $330,000 to the stat,e. as well as 
supporting the development efforts of 
new bureaus 

Tax Revenues 'Generated The travel 
dollar becomes the ■ Michigan dollar 
when expenditures arc convened to tax 
revenues. 

Taxes generated from travel spending 
increased from $131 million in 1976 to 
$141 million in 1977. This is a conscrva-' 
tive estimate since it docs not include 
corporate income tax. 

Michigan currently ranks fifth 
nationwide in taxes generated by the 
travel industry. 

A SUMMARY LOOK AT MAJOR 
ACHIEVEMENTS OF MICHIGAN'S 
TRAVEL PROQRAM 

• Operated an aggressive program 
which, in conjunction with the Michigari\ 



travel indusiiy. general u ..vcr S^2 
billion in diu a t travel expenditures. 
aiipiHiiicd XoOO duect and indirect 
jobs and generated over SMI million in 
tax revenues 

• Answered ovci 32J.MW individual 
and group inquiries about Michigan 
travel opportunities, 'representing an 
increase of 16 percent over 1976- 

. • As of the end of 19/7, inquiry 
response lime had been reduced to an 
average of 3 to*7 o'ays from 3 to 9 days 
in 1976. 

• Increased the percentage of in- 
quiries by telephone from 46.7 percent 

. in.. \o . M'-jwcent- ■ in • 1-977," thu» 
increasing the effectiveness of informa- 
tion servicing by qualifying the caller's 
interest, which cannot be done with 
written or coupon requests. A dramatic 
increase \w prospective travelers' t.sc of 
the bureau's instate and out of state 
toll free. WATS line service was re- 
corded with 1977 inquiries up -48.6 A 
percent over 1976 * 



Michigan was ^elected as one of 10 
major lounsm sUt>s in the nation to be 
surveyed by thc| Conned of St He 
Governments uintVr a grant from the 
U.S. Department of C.Mnmruc || u - 
study, designed to develop a model state 
lour ism program, was voinpleted by the 
research team in December 1977/ 1 

• Initiated an advertising campaign 
designed to promote the mid week ski 
experience. Prelinunai y mu veys indi- 
cate rhat this campaign is building 

• mid-week business ami a record Winter 
season is anticipated barring adverse 
weather conditions. 

• Completed a statewide survey of 
accommodations to detcimine accessi- 
bility to the handicapped ami initiated 
the development of a directory of these 
facilities fur handicap^crs. 

• Increased participation in ski/travel 4 
shows throughout the major Midwest 
market area from M to |«W6 to 18* in 
1977. I Y 



Travel Activity — Person Trips 
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• • 1-xpandcd cfTorts in the group tour 
marketing program in Chicago, Cleve- 
land and l.tonsmg, resulting in excess of 
130,000 persons involved in group ex- 
cursions. „ . " 

The cITorts of the Chicago and 
fc Cleveland offices with respect to group 
movements alone continued to generate 
travel expenditures which produced 
sufficient tax revenues to cover the. 
year-round operation of both offices. ' 

r 

* Expanded public service program 
cITorts, incfiiding radio and TV. in- 
terview's ar)d appearances, press re- 
leases, feature .yticles, radio and T.V. 
spot announcements, FAM trips, etc., 
increase^ promotional exposure in 
Michigan by 20 percent over the prcvi- 
ous year. Many Michigan and out-of- 
state radio and television stations now 
carry Travel Hureau snow/ski, fall color 
and fishing condition reports, and 
weekly festivals and events programs as 
a result of . aggressive public service 
efforts. 



• Continued to expand product de- 
velopment and technical assistance ef- 
forts which: K 

Substantially assisted Tourism 
v businesses in efforts leading tcTcon- 
, struction or rentnation of over $17 
million in new travel products "which 
will result tn: 

— $7 to $10 million in increased travel 
expenditures .annually. 

— Over 540 construction job?. 

— Over 270 full-time jobs 

— Ultimately produce over $6 million 
in state tax revenues. 

• Responded to more than 180 indi- 
vidual requests for travel activity data 
*nJ genera! product development infor- 
rnjoon and technical assista^cc^ and 
imfcrtook and Continued efforts on 
r!K; j than 60 product development 
asuwancc projects at the request pf 
bti messes and local communities with ;f~ 
to ! construction potential of more than 
$V.\} million. 
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• Undeitook • H 
HSsislaiKc pr i>|r-v Is 
louiisin hiisim s\cs 



izenri al t^\ hnii al 
at the injiusl of 
ami Kk .d v .un 



lo Michigan. 1 tun 
rmx^ than iwkt ni 



muniiirs. mi liulum poup torn m.iikri 
in^i seminars, maikcting ami promotion 
pre ram development, operations con 
tulliition, and frMiv.il anJ fuhmg ton 
test drvclopmrrg Ihese piojetts re 
suited in iruuased busrn.ss and Una! 
urea promotion ami maikeiim: dKuh, 
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t "-m be alt^u led 
potential ni ii ke* is 

luge i»s the present v.u anon'ph' nuic 
m.ukel Aliiactmg >1 means im um> c J 
travel expenditures, increased jobs, in 
creased lax revenues am! economic 
diversification, lo increase present 
v.iuiluMVpliMMiir travel activity m 
Michigan hy 10 pciccnt. only 4 V 
percent of the potential market most he 
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cxp:ino>cd < petitions and new festivals 
and fishing contests.. 

• Completed development and publi- 
cation of a tluinsm development manual 
which provides local aieas with a 
sicp-b3c-Mcp \clf-help process fo. in-" 
'Crcasin^oj^mm activity. 

• Completed A comprehensive 
analysis of the convention and meetings 
market for Michigan, which analyzed 
present activity and fuime market po- 
tential. The market analysis provides 
businesses and communities interested 
in developing convention activity with 
an objective assessment of market 
opportunity. 

• Initiated development' of a self-help 
fishing proration manual designed to 
provide etfnmi unities with necessary 
information and techniques for taking 
advamagc of abundant opportunities for 
increasing fishing based tourism. 

• Initiated a special tourism de- 
velopment study for northeast Michigan 
designed to identify, analyze aru! rec- 
ommend the best means of increasing 
lourisrn activity. 

Looking to the future 

Many Opportunities Th* potential for 
expanded growth of Michigan's travel 
industry is tremendous. Increasing 
travel activity is a means to develop and 
diversify the state s $conoiity)is well as 
to generate increased tax revenues* 

• The vacation/pleasure segment of 
the travel market accounts for more 
than $1.7 billion in travel expenditures. 
Market analvsi/s studies hayc show/ that 

significant potential market cxistltifat 



Attracting this would result 



attracted 
in: 

—An additional S 1 70 million in travel 
expenditures. s 
— million in additional tax re- 
MTuics. 

— 8.500 direct and indirect jobs sup- 
ported iri the- lonp, run. 
• Michigan urban areas and resorts' 
have a wide var iety of excellent convert 
lion facilities and have been very 
successful m drawing convection activ- 
ity. Attracting conventions produces the 
same type of benefits as attracting 
vacation/pleasure Vavelcrs, The poten- 
tial to attract more conventions to 
Michigan exists, and 
convention activity is a BAVARIAN INN:- draws 
direct economic ■■ ; •r.^ [r . T ^ v 

stimulus for the urban * " 

coic. * 

• If only one-half of 
the present vacation/ 
pleasure travelers could 
be convinced to spend 
$10 more ptr person in 
Michigan, an additional 
$80 million in travel 
expenditures would be 
generated. 

• If only one-third of 
the present vacation/ 
pleasure travelers could 
be convinced to spend 
$10 more in our turban 
areas, "$5J$ million 
would be infused into 
their economics. 

• A substantial po- 
tential exists to inciease 



group travel to Mi v luean horn our entire 
prune market area and timge markets 

# A Luge number ol lo, al areas and 
invc.loi s. vie v elope i s have shown in- 
ter est in dcvelopi new ti i%el pro- 
ducts. Ihesc new piodiu*:-. i.inge from 
new festivals anifcs| i ll events. special 
alt r actions and ;iu oumnd.t lions lo 
major multi jitiviiy dcshiKion com- 
plexes offering a vanet) of* aciiviiieV^ 
including nightlife and cnte: ummoni. 
Ihc4c is oppof'tumlv to develop these 

recognized S\ local areas and investors. * 
By doing so, a grealei n- 'iron of the 
market can be atti.Kie.J Realization of 
the present product development poten- 
tial would result in: 

— $180 million in new constiuclion. 

— Additional travel cxpendiiuieN of 

$185 million per >ear. 

—Over 6.800 new year-round and 

seasonal jobs 

— Generate annual tax revenues of 
$6.3 million. 

• An increasing number of local ar eas 
and travel industiy businesses are in- 
terested in improving and increasing 
iheir own promotion, advertising and 
marketing efforts, this presents a sub- 
stantial opportunity to increase the 
magnitude and quality of Michigan's 
overall promotion, advertising and mar- 
keting efforts by providing professional * 
technical assistance. 



Some Problems In addition to 
muncrous opportunities, there are sev- 
eral problems that the Michigan travel 
industry must cope with. The ability to 
take advantage of the opportunities is 
dependent upon finding solutions to 
these areas of concern. Severn! of tl 
key problems from a statewide perspec- 
tive arc listed here. In many cases, 
efforts are already underway to address 
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these Areas of concern Thcic are other 
pioblems hc>onJ iliosc listed which ;up 
common among all unluslucs in Miilii 

• Possible tquctment of the ciin c inly 
proposed nation.il energy policy is of 
ptimc concern to Michigan's Havel 
iiuliiMiy. Appaicntly the ini1iistr> i nnk s 
as low prion!) among competing in- 
terests in terms oj energy allocations. At 
piescnl. 95 peicent of all havel related, 
.activity is by automobile "Ihe institution 
of lationing iu wcekeiuj closure of 
gasoline stations' would h.» \ l a \lnwin 
impact. leMtJiing in the loss of tens of 
ihoiisamls of jobs, extensive small 
business bankrupt*)) and los.s oT capital 
investment that would seveiely impact 
all of northern Michigan and the IJ^p.-i 
Peninsula — an'atea heavily dependent 
upon :ourism. 

© Although legislation has not been 
introduced in Congicss. several leading 
political figures have pulsed the 
elimination of specific personal income 
lax delineations. Ol major concern to 
the travel industry is the proposed 
Curtailment of allowable deductions for 
noisiness entertainment and travel de- 
ductions. Curtailment of these deduc- 
tions would have a serious economic 
impact on Michigan's convention/travel 
industry, particularly its rnajoi compo- 
nents such as hotels, motels anil res- 
taurants. I reasury Department esti- 
mates in, the food and beverage enter- 
tainment area alone indicate that "job 
loss would be as hiph as 2 to 3 percent 
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levels nationally, this would equate to a 
77.0(H) to 116.000 job loss in Ihe 
unskilled or semi-skilled areas — ab 
ready the highest rate of national' 
unemployment 

• Michigan eo n t i n ue s t o 
ii i c r e,i s m g competition in 
place. Illinois. Ohio, Minnesota and 
Wisconsin will receive increased funds 
in I97K while the Stale of New York will 
have a massive budget — it could be in 
excess of $10 million Ibis is in addition 
to the continuous heavy piessuie fiom 
Ontario with its SI 2 5 million budget in. 
1978. Michigan's iesponse to this com- 
petition must ,4 bc vigorous to avoid 
severe economic loss to the state. 

T 

• Highu ay signing in general and 
billboaid removal in particular continue 
to plague the tiavel industry. The Travel 
t'omnuvdon, in conjunction with the 

Ti avel hui eaii. scheduled a scries of 
five public hearings throughout the state 
during 1978. These hearings were de- 
signed to provide a fcrum for J ravel 
industry input into the problem. 

• Michigan tourism is seasonal with a 
major ^portion of activity occurring in 
the summer. Although skiing, winter 
sports activities and special promotional 
efforts with emphasis on year-round 
events have helped offset the seasonal- 
ity factor, it is still a problem in many 
areas of the state, Wc must continue to 
address ourselves to it. or suffer the 
consequences. 



Travel Qenoratod Stato Tax Revenue 
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WINDMILL DEZWAAN: on Windmill 
Island in Holland 

• Additional problem areas include: 

— The need for product improvement 

artd upgrading. 

—The single business tax. 

—The high rate of cost increases in 

the area of promotion and advertising. 

The Challenge .The challenge to 
Michigan and its travel industry is clear. 
Significant opportunities exist, offering 
a beneficial impact on the state in terms 
of economic development, » urban area 
Vitality and generation of tax revenues. 
The problems, however, could under- 
mine the viability of the state's travel 
industry and negatively impact the 
$t iV's economy. Michigan's travel iri- 
• ry, local areas, regional tourist 
stations, convention bureaus and 
t< state must continue to increase 
C' Otdtnatcd efforts to meet the chal- 
l« upc. All will benefit if C tic challenge is 

t. All will suffer if it is not. V 

tCRCE REGISTGR: October. 1978 



STftDENT MATERIALS 

Module Title : T r an sjpo r t at 1 on 

In this module the costs Involved In various modes of transportation 

In terms of both dollars and energy are presented. \ 

i 

£5lLJL ( See Reference //I) 

Let's look at the dollars saved if you Oar-pooled to school. Cafry out 
the calculations for your own travel alone and by car-pooling as described 
in this activity. Also compare passenger miles per gallon for varying the 
number of occupants. 



Car Size 

Standard 
In termed! ate 
Compac t 
S u h compact 



Total Cos J; Per Mile 



17C 
16 c 
13C 

lie 



Table 1 



EXAMPLE: 



How to figure your present commuting cost (Standard car-Ford LTD) 
traveling 30 miles. round trip. 



1. MULTIPLY (.17) x (30) 

Cost " Miles 
per mile per day 

2. ADD - Daily parking cost 

3. TOTAL' DAILY COST 

A. MULTIPLY DAILY COST by number 
of school days per month 

5. COST PER MONTH TO DRIVE ALONE. 

6. DIVIDE BY NUMBER OF PEOPLE 

IN< CARP00L 

7. NEW INDIVIDUAL COST BY 

CAR- POOL INC 

.8. MONTHLY CAKP00L SAVING 
($107.10 - $26.77) 



\ 



- $ 5,10 

+ 0 

+ '.$ 5 . 10 

X 21 

- $107.10 

- $ 26.77 

- $ 80.33 




Y^ur _Cnlcul xitji on 
1. MULTIPLY 



Coyt per Miles per 

Mile day 



2. API) - Daily parking cost ~ $ 

3, TOTAL DAILY COST , N - $ 

■MWhTIPLY- BMbY €OST- by-ntitnber trf school — 

days per month X $ 

5. COST PER MONTH TO DRIVE ALONE ' - $ 

6. DIVIDE BY NUMBER OF PEOPLE IN CARPOOk " - $ 

7. NEW INDIVIDUAL COST BY OARPOOL1NC - $ 

8. - MONTHLY CARPOOL SAVING (Z/5-//7) - % $ 



a) What do you suspect is the rationale for calling the largest cars 
standard ? 

b) How Is the total costs per mile of each car size determined; in 
other words what factors do you think comprise the total cost for 
each mile the car is driven? 

c) The financial advantages of carpooling are obvious; what are some 

I . ~. 

disadvantages? 

.... r^" 

Part II i. 

How could you reduce your own gasoline consumption by 15% even without car 

pooHng? Keep a careful record of each driver in your family and keep, a record 

of every trip for a week: Be sure to include yourself if you cfrive. Record 
the purpose and mileage of each trip from and back to home. The charts you 



keep might look somutliloK 1 i ki> thin 



Table 2 



DRIVER A 

DATE ~" 

.londay 

Tuesday 

Wednesday 

Thursday 

Friday 

Saturday 

^ndjay 



j'URP OSK 

Work 

Work 

Work 

Work 

Work' 

Lumber Yard 
Church 



CAR I 
MILES 

r U " 

A . 14 . 
14 
14 
14 
, 20 - * 
8 . 



DRIVER H 

Date ~ 


PURPOSE 


CAR 2 
MILES 


Monday 


Grocery Store 


A 


Tuesday 


Little League Practic 


e 3 


Wednesday T ' 


Gas Station 


4 , 


Thursday 


Piano Practice 


6 


Friday 


(NOt used) 


0 


Saturday 


Grocery Store 


4 


Sunday " 




35 




DRIVKtt C 




CAR_2 


DATE 


PURPOSE 


MILES 


Monday 


* School 




flies day 


School , Basketball 






Practice 


12 


Wednead ay 


School f 


6 


Thursday 


School % Grocery-* 






v Store 


10 


Friday- 


School , Work 


14 


Saturday 


f Work, Movies 


10 


Sunday 


Country Drive 


54 ■ 



'ERIC 



a) When the week Is over, study the number of trips, their purpose and 
the total miles driven. 

b) De-velop a plan with your family, that will reduce the number' of trips 
and the tailes driven. Get each driver to agree to the plan. 

c) How much gasoline has been used In the week? 

Determine the mileage rating (miles per gallon) of your family's 
cars and -calculate the dollars spent. 

d) How much money is saved with a 15Z reduction in miles driven per week 

e) How could you reduce miles driven per week by 20% > 25% and not * " 
greatly inconveniencing members of your household? 

f) Did you know that oyer' 5Q% of ' #11 automobile trips in the United 
States ' are vi € ss tjian 5 mlies i n \length. In time trials comparing 7 
bikes and cars for urban t pips "average 5 miles, bicycles won 21 Wt . 
of 25 races. Do< you think that bitoe paths or reserve lanes on ttajor 

; streets and highways should be required and supported by federal 
funding from the Highway Ttust Fund? 
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*MJLl (See Reference #2) 

Consider the data on Inter-city and urban transportation presented 
In Table 3 and compare the energy cost of each mode f>f transportation. 

Selected results on the energy Impacts of consumer 
options in transportation during 1971. Data dre 
gjiPX^^ Pgr p a gsen g e r mile. 



Transportat ion 


Load 


Energy Cost 


Relative Energy 


Mode 


Facto r 


BTU per 


Cost with 






Passenger Mile 


Walking 


Car i 


Inter-City Transportation 




2.9 people 


5900 


8.31 


Plane \ 


53% full 


9800 


13.80' 


Bus i 


' 47X full 


2 700 


3 . 80 


Tra^n\ . 


37% full 


4000 


5.63 


Electric commuter 


31% full 


9900 


, 13-94 




Urban Transportation 




Car * 


1.9 people 


8900 


12.54 


Bus 


12 . 0 people 


5300 ( 


7.46 


Motorcycle 


1 . 1 people 


4200 V V 


5.92 


Bicycle 


1.0 people 


480 


0.67 


Walking 


1.0 people 


710 


1 


i 


Table 


3 




a) What do 


you think is meant by 


a load factor? 





- b) Why is the load factor different for automobiles on inter-city 
compared to urban transportation? 

c) What is meant by the energy cost" being measured in BTU per 
passeff^er mile? j 

d) How would the relative energy cost with walking differ when the 
load factor changed. Calculate the relative energy cost compared 

1 to walking if the average load factor for urban transportation 
was doubled to 3.8 people. 

Now let*s look at these data more carefully. If people shifted from one 

mode of transportation to another there is an increase or decrease in energy 

expressed ap, BTU per passenger mile. ✓TabJ^s 4 and 5 present information 
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you can determine the BTU per passenger mile Baved in changing 



modes of transportation for inter-city and urban transportation. 

\ 



Inter-city transportation. The energy that would be saved in 
BTU per.,|>a8senger mile by shifting from each transportation mode 
to another for each traveler. Plus or minus signs indicate 
an increase or a decrease in energy use respectively. 
Calculated from Table 3 



Shifting to 




Shifting 

f rom 

Car 
Plane 
Bus 
Train 



Car 



-3900 
+3200, 
+1900 



Plane 
+3900 

+7100 . 
+5800 



Bus 



Train 



-3200 
-7100 

-1300 



-1900 
-5800 
+1300 



Table 4 



Urban transportation. The energy that would be saved by 
shifting f rom each transportation mode to another for each 
traveler in BTU per passenger mile. Plus or minus signs indi- ' 
cate. an increase or a decrease in energy use. Calculated from j 



Table 3 

Shifting 
from 

Car 
Bus 

Motorcycle 
Bicycle 
Electric 
Commuter 



Shifting to 



Car 



Bus ,J^°j^L c yj?L-L e 

-3600 -4700 



V Electric 

-8420 
-4820 



-3720 
-9420 



+1000 
+4600 
+5700 
+9420 



Table 5 . 
Can you suggest ways that energy costs can be reasonably reduced in 
passenger transportation? One example is tbat a greater number of people, 
using urban bus transportation will Increase the average load factor and 
result in reduced energy costs in BTU per passenger mile. 



Aa Hflnnon writes 



/ 



All costs are very sensitive to load factors. In terms 
of dollars and energy, the plane is easily the most expens- 
ive, and the train is the most employment Intensive. The 
r , lnter-city rfms costs the least in dollars and in energy, 
ft The urban passenger has a variety of modes to choose from 
shown ln Tnble 3 These mode9 are lncreoslngly unpop _ 

ular but decreasingly energy expensive as one moves down 
theajst. Energy consumed in walking was that used to 
Supply the food consumed by the average person for the 
energy used in excess of that used by the body in the rest- 
i ing position. 

It lias been pointed out by Bullard that the important 
factor in energy conservation is the rate at which energy 
is saved on the transfer from, one activity to another. 
Tables 4 and 5 show rates of energy savings (British 
thermal units saved per passenger mile) for shifts from 
each transportation mode to the other. The rates vary 
frofa about 480 to 9900 BTU per passenger mile. In all 
ca f 9 ox cept in the urban transportation shifts from car 
to bus, dollars are saved if energy is saved, and vice 
versa. For example, the traveler who switched from urban 

! 8 ,£o« blcyCle W ° u3fd Save ener Sy («"« dollar*) at the rate 
of 4820 BTU per passenger mile. If he were not careful 
to spend his dollar savings on an item of personal con- 
sumption which had an energy intensity greater than 4820 
BTU per passenger mile then his shift to the bicycle would 
have been in vain. 

In every instance, a change in transportation mode that . 

would conserve energy would also save dollars (except 

in the case of changing from urban to bus transportation) ." Gannon , 

a) Do you consider that energy savings by conservation and/or changing 
modes of personal transportation will become more important as time' 
• .progresses? Why do you think this? 



b) Calculate the energy savings for all incomplete spaces in Tables 
4 and 5 • 



Part 4 



\ . 

s 

r 

Now for a change in gear; let's consider ways in which we can simply 
improve the energy efficiency of the car we drive. Read Unit 13. Energy 
Efilciejicj^^ Keep a record of when the<je efflclency 

taining items are p^t into operation on your family car and pn your own car 
if you own one. How does each efficiency maintenance item contribute to an 
increase in your total net energy increase. 29 
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• The United States accounts 
lor approximately 6 percent of 
the world's population and 
over 46 percent of the world's 
automobiles. 

• It Is estimated that more 
than 21 ,000 square miles 
(54 600 square kilometers) of 
land have boen paved over to 
accommodate this country's 
100 million cars. 



• Automobiles use 14 
percent of all energy 
consumed in the United 
State}. 

• Probably, the most 
expensive Item In your 
personal energy budget Is the 

^ . operatic and maintenance of 
your far(*) 

Shocking tacts aren't they? 

It would bo difficult for 
Americans to imagine life without a 
car. Tho problem is not that we 
havo automobiles, but rather that 
wo must learn howMo use 
automobiles efficiently and save 
energy in tho process. 

Purchase an 
Energy-Efficient Car 

An automobile s fuel economy is 
determined by weight, engine type 
and size, and maintenance. Before s <\ 
you buy an automobile, familiarize 
yourself with the fuel economy of 
various models. The information 
can bo found in the Gas Mileage 
Guide, published annually by the 




Energy 
efficiency in 
transportation 
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Environmental Protection Agency 
(CPA) and (ho f ederal Energy 
Administration (FEA). All now car 
dealers are required by law to 
have the Gutde available in their 
showrooms Or, you can request a 
froo single copy of tho Guide Irom: 
Fuel Economy, Pueblo, Colorado 
81009. EPA tests are conducted 
yAinder controlled conditions; 
therefore a driver c&n c .pect some 
variaHon from the test results. 

As you road the Guide, you will 
see that small, lightweight cars are 
more Economical to operate than 
full-size, heavy cars. In general, in 
city driving, a 5,000-pound (2250- 
kilogram) car uses twice as much 
fuel as a 2,500 pound (1 125- 
kilogram) car. 

Buy a car on the basis of 
minimum size requirements, 
purchase price, and estimated fuel 
costs. Be reasonable about 
optional features. An air 
conditioner reduces fuel economy 
10-20 percent when used in 
stop-and-go traffic. If you must 
have air conditioning, use it only 
when absolutely necessary. 
Automatic transmission and power 
steering also use more fuel than 
standard transmission and 
steering. Power brakes, motor 
driven windows, and power seals 
and radio antennas don't require 
much energy to operate, but tho 
weight added to a vehicle reduces 
fuel economy. 



Air conditioners 
•nd powor equipment 
uee extra fuel. 




Save Fuel 
as You Drive 

Fuel economy doorcases in direct 
proportion to air drag on a vehicle. 
I or example, if yon increase your 
automobile spoed from 55 miles 
per hour (mpM (90 km/h), the legal 
limit. lo65mph( 105 km'h) the * 
increase in the car s drajt 
resistance goos up by 40 percent 
and fuet oconomy decreases Best 
fuol econotfiy occurs at speeds of 
30-40 mph'(50- 65 km/h) with no 
stops or rapid speed changes. 

Develop driving habits to help 
you save fuel Accolerate smoothly 
to save gasoline and wear and tear 
on the engine and tires Drive at a 
Steady pace and anticipate speed 
changes; sudden changes in 
speed waste gasoline. For 
example, lake your fool off the 
accelerator as soon as a red traffic 
signal is spotted ahead. Drive 
slowly for the first mile (couple of 
kilometers) instead of letting your 
car warm up by idling; an idling 
average-size engine burns about a 
pint (500 milliters) of gasoline 
every 12 minutes. Avoid overfilling 
a car's gas tank; fuel spillages 
are wasteful, loo. DorVt carry 
unnecessary weight in or on a car; 
the heavier the car, tho more * 
gas it uses. 

You probably have .an idea of the > 
current gas mileage of your car. As 
you develop energy-efficient 
driving techniques, chock the car 
again to see if you are getting 
better mileage There are five 
steps to follow for an accurate 
mileage tost: (1) Fill the gas tank- 
full and make a note of the mileage 
on the odometer. (2) Keep a record 
of all gasoline added during the * 
test period. (3) At the conclusion of 
the test; again fill the tank full. 
(4) Tflb gas added during the test, 
plus the gas required to refill the 
tank at the end of the test, is the 
total gas used for the test. (5) The 
gas mileage is equal to the number 
of miles (kilometers) driven during 



the test divided by the total gas 
used. For accuracy, the tost should 
be conducted over 600 to 1 .000 
miles, or 3 4 tanks of gasoline. (In 
the metric system, gasoline 
consumption may be given in liters 
per 100 kilometers.) 



~ ~n 

Tread lightly 
on tho gat pedal. 




Automobile 
Maintenance 

An automobile cannot maintain 
energy-efficient performance 
without proper maintenance. 
Automobile lune-ups not only save 
fuel, they also provide easier 
Starting and smoother operation. A 
car thai is properly maintained 
averages G percent hotter mileage 
per gallon of gasoline than a car 
that needs new ignition points and 
spark plugs. 

Gasoline engine components 
that are the, most common cause 
of poor power and increased fuel 
consumption are the spark plugs, 
ignition timing, the air cleaner, and 
carburetor adjustments. A spark 
plug that is not functioning properly 
can waste as much as t gallon 
(3.8 liters) of gasoline in every 10 
(38). Ignition points in tfre 
distributor that are out of 
adjustment or deteriorated from 
use can result in starting difficulties 
and poor performance. The air 
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:leanor Is a passivo dovlco, but for 
aach gallon (3 8 liters) of gasoline* 
>urnod. approximately tO^OOO 
jallons (38 000 litor*) of air must 
3ass through it A dirty and 
martially clogged air cleaner 
Carves the carburetor of air; 
herefore, the optimum fuel-air 
fixture is not obtained, and the 
uel is not used, at its optimum 
afficiency. Carburetors require 
- egular adjustments in ordor to 
namtain automobile porlormance. 

New-car owners' manuals 
ecommend tune-up frequehcy; 
aithfully follow the suggested plan, 
vbu can do this by finding a 
ohable automobile mechanic, 
amiliar with your particular car, to 
Jo the vkrk or by doing tune-ups 
/oursolf Most community colleges 
and adult education programs offer 
courses in automobile ' 
maintenance. 

In order for ypur cAr to operate 
at highest efficiency, it is .also, 
important to use the recommended 
gasoline octane rating and oil ) 
^rade. Check your owners 
nanual.^ 



Carefully #cl 
points and tpark plugs. 




Tires Affect 
Fuel Efficiency 

Proper inflation and typo of 
automobile tiros can provide better 
gas mileape and can save you 
money Undennflation is probably 
the greatest cause of tiros wearing 
out too fast Undennflation also 
increases the rolling resistance of 
a tiro; thus it requires more energy 
per mile (kilometer) to roll the car 
along the highway. Some tests 
show that 30 percent undennflation 
- and that is far from being a flat 
tiro — reduces tire life by about 50 
percent. 

Radial tires-, because of their 
design, develop less rolling 
resistance than standard tireS. One 
can oxpect a 5 percent 
improvement in fuel economy by 
switching to radial tires. 

A very useful accessory for good 
tire life is an accurate air gauge. In 
particular, radial tires, when ' 
properly inflated, often appear to 
have a "flat" appearance. It is 
difficult to distinguish by eye when 
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o radial tiro Is undorinflated Got In 
the habit of chocking regularly the 
Inflation of your car's tires 

* Synthetic Oils 

Synthetic engine oils, vised in 
some automobiles today, belong to 
two basic classes; one, called 
osiers, is made by reacting alcohol 
with certain typos of acids; the 
Second, synthesized 
hydrocarbons, is fabricated from 
various hydrogen- and 
carbon-containing molecules found 
In natural petroleum. Mineral oris, 
the oil used In most automobiles 
today, are usually changed after 
6,000 miles (10 000 kilometers) of 
use It is believed synthetic oils, 
can safely be used with oil 
' changes at 12,000-mile (20 000- 
kilometors) intervals. Although 
synthetic oils cost 4-5 times as 
much as mineral oils, cars 
lubricated with synthetics show an 
average 5 percent improvement in 
gas mileage over those using 
conventional motor oils. 

Gkr Podls 

(5an Save Money 

Over 80 percent of working 
Americans commute to work by 
automobHe; more than 50 percent 
of thorn drive alone. A car pool to 
and from work not pnly saves 
- gasolino and money, but also 
saves wear and tear on cars. Ask 
, your employer to help establish car 
pools at your place of business. 

Another type of car pool 
frequently overlooked is better 
scheduling of family trips by • 
automobile. Family automobile 
travel — shoppirtfj, visiting, trips to 
the doctor, to music lessons, or to 
athletic ©vents, for example — 
accounts for nearly one-third of all 
passenger trips In this country and 
averages 5V2 miles (9 kilometers) 
one way. If, by planning ahead 
to^combine errands and 
appointments, a family took one 
less trip per week (7 trips instead 



of 8). that lamily could save $75 
per year. To take it a stop further: ^ 
if every automobile in the United 
States consumed 1 less gallon (3 8 
liters) of gasoline per week, 
national demand for jasolme^ 
would be reducad by about 7 
percent! / 
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Transportation 
Alternatives 

Engineers often measure energy in 
British thermal units (Btu), the 
amount of energy required to raise 
1 pound of water 1 degree 
Fahrenheit; or joule, the amount of 
energy required to produce 1 watt 
for 1 second. A comparison of 
these energy units for vn jus 
modes of transportation is ) 
revealing Walking requires about 
300 Btu's (316 200 joules) per 
person per mile (1.6 km); a -bicycle 
requires 200 Btu's (210 800 joules) 
per mile (1.6 km). In contrast/ 
driving an average-size automobile 
with no passengers requires 3,100 
Btu's (8.5 million joulos) per mile 
(1 6 km) in the city and about 
3,400 Btu's (3.5 million joules) per 
mile ( 1 .6 km) on the highway. In 
terms of energy usage, bicycling 
and walking are obviously very 
energy efficient means of 
individual transportation. Fully 
loaded buses and trains are 
much more efficient modes of 
transporting people than 
the automobile. In order tasave 
energy and dollars, use alternative 
j^means 6f transportation whenever 
possible and, if it is feasible, ^ 
advocate the establishment or 
Improvement of mass trans- 
portation systems in your locality. 

Energy consumption must be 
reduced in this country. A good 
place to start is with the family 
automobile. 
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